In contrast, in this study we collected an average of ~ 8000 granulosa cells from each 111 individual follicle over a comprehensive range of follicle diameters from 4 mm to 27 mm. 112
Immunofluorescent labelling and flow cytometry were then used to measure the granulosa 113 cell surface-expressed mature receptor protein density for the BMPR1B receptor. 114 
Materials and Methods

Natural healthy unstimulated cycle collection
164
The natural cycle patients scheduled for risk reduction removal of the reproductive organs 165 was timed to coincide with day 12 of the menstrual cycle (Table 1) . Before removal, 166 ultrasound confirmation of the size of the follicles and the number of follicles present was 167 made. After removal of the uterus and ovaries, the whole follicle was excised and 168 transported to the laboratory. The collection of follicular fluid, isolation of the granulosa 169 cells, and the analysis was performed as described above and below. 170 antibody CD45, which emits in the APC spectrum ( Fig. 2A) . Auto-fluorescence and 218 nonspecific binding were identified by the unstained sample control BMPR1B expression, 219 and subtracted from the measurement (Fig. 2B) . 220 (Fig. 3) . The biphasic pattern of receptor density consisted of an initial 247 decrease in BMPR1B in follicles from 8 mm to 10 mm (p<0.0201), followed by an up-248 regulation in the follicles to 16 mm (p<0.0084), which was further followed by a significant 249 decline in follicles to the terminal-end of folliculogenesis of 24-26 mm (p<0.0301, Fig. 3 ). In 250 marked contrast, the BMPR1B density increased with follicular size (p<0.0044) in a 251 monophasic reversed profile in the 40+ y group (Fig. 3) . The level of receptor density in the 252 small antral follicles of 8 mm was greater in the young patients than the older patients 253 (p<0.0405). 254
Immunolabelling of granulosa cells
In a natural healthy cycle, the granulosa cells were collected from a healthy 40+ y with a 255 group D AFC. When combined, the two follicles of 10 mm and 18.5 mm had a significantly 256 lower density of BMPR1B compared to the largest follicles of the 40+ y IVF patients with a 257 group D & E AFC (Fig. 3) In the youngest age group 23-30 y, the majority of the patients had an AFC within groups 280 A+ & A (Fig. 4) . There was no significant difference between the A+ group and the A group. 281
In contrast, the follicles from the C group patients with low AFC had increased BMPR1B 282 expression compared to the similar size follicles in the A+ & A group (p<0.05 to p<0.001, 283 Patients were grouped according to ovarian reserve measured indirectly by the antral follicle 290 count (AFC). AFC is the number of follicles between 2-10 mm on day 2-5 of a cycle. The 291 data were subjected to statistical verification using one-way ANOVA with an uncorrected 292 In the 31-34 y age group, the decline in ovarian reserve was associated with a loss of 300 receptor density of BMPR1B in the granulosa cells from a peak in the 19 mm follicles in the 301 A group to a significantly lower value in the B and C groups (p<0.002, Fig. 5A ). The rFSH 302 dose given ranged from 83.5-266 IU, and when the AFC group comparison was restricted to 303 those patients who received a comparable rFSH dose (200-233 IU), a similar BMPR1B 304 receptor density profile was observed in the B and C group patients. However, in group A, 305 the profile was different in the 16-19 mm follicles, which showed reduced receptor density 306 (Fig. 5B) . 307 (Fig. 6B) . 329 S.E.M., and differences were considered significant if *p<0.05. The number within the 337 column represents the number of follicles analysed for that group. 338
The 40+ y patients (40-45 year-old) ranged in AFC from group B to group E (Fig. 7A) . The 339 group B & C patients combined demonstrate a higher BMPR1B receptor density in the small 340 follicles, followed by significant down-regulation of receptors as follicle size increased 341 (p<0.0176). With a decline in the ovarian reserve to group D, the receptor density in the 342 smaller follicles was reduced compared to group B (p<0.0059). With a further decline of 343 ovarian reserve from D to group E, the receptor density significantly increased (19 mm 344 follicles, p<0.03); and within the E group increased with follicle size (10 mm to 22 mm, 345 p<0.0058, Fig. 7A ). This was similar to the ageing effect observed in the youngest group C 346 patients (Fig 4) . The rFSH dose given ranged from 300-600 IU, and when the AFC group 347 comparison was restricted to those patients who received an identical FSH dose (600 IU), a 348 very similar BMPR1B receptor density profile was observed (Fig. 7B) . 349 In sheep carrying the Booroola (FecB) mutation, follicle development was perturbed and 372 ovulation rate increased as a consequence of a point mutation in the BMPR1B gene (Regan, 373 et al. 2015) . Therefore, the potential role of BMPR1B within the context of follicle 374 development, ovarian ageing, and fertility in humans is of considerable interest. In the 375 present study, the density of expression of mature cell surface protein for BMPR1B was 376 measured by flow cytometric analysis. We found that a reduction in the number of growing 377 follicles was linked to the sequential disruption of BMPR1B density on the surface of 378 granulosa cells. 379
380
Ovarian reserve depletes sequentially with age in a slow continuous process. The results in 381 this study show a gradual degradation in the density of receptors, which is perpetuated 382 through the different age groups. The change observed may appear difficult to interpret; 383 however, within each age group, there is evidence of over-expression followed by a 384 weakness in expression, a lack of down-regulation, and eventually, reduced receptor density, 385 ultimately leading to increased levels of BMPR1B in the largest follicles of the oldest, 386 poorest ovarian patient groups. 387
388
An important finding of this study was that a decline in granulosal BMPR1B receptor 389 density occurs in follicles of a size that would correspond to the time of cyclic dominant 390 follicle selection, and again in the largest follicles from the best prognosis IVF patients, aged 391 23-30 y. In comparison, the older, 40+ y, poor ovarian reserve patients exhibited a reversal 392 of this pattern (Fig. 3) growth of small follicles, followed by reduced growth rates of the pre-ovulatory follicles in 406 older patients. Other ovarian age related changes were associated with an increase in 407 mitochondrial deletions in granulosa cells (Seifer, et al. 2002) and an increase in the number 408 of chromosomal errors (Handyside, et al. 2012) . 409
BMPR1B down-regulation and dominant follicle selection
410
The biphasic down-regulation of the density of the TGFβ superfamily type I receptor, 411 BMPR1B, during folliculogenesis was similar to our previous finding in unstimulated young 412 adult sheep (Regan, et al. 2015) . During dominant follicle selection in sheep, and at an 413 equivalent size in gonadotrophin stimulated humans, granulosal expression of BMPR1B was 414 reduced, followed by a sequential increase with follicle size (Fig 3) . The similarity between 415 the sheep in natural cycles and the human IVF model suggests that rFSH has minimal impact 416 on receptor expression levels and on the timing of dominant follicle selection. The addition 417 of gonadotrophin in the form of rFSH masks the normal physiological pituitary drop in FSH, 418 allowing a prolonged recruitment phase that enables multiple follicles to grow (Rice, et 
BMPR1B down-regulation and the maturation of pre-ovulatory follicles
440
The degenerative ageing of granulosal BMPR1B density is highlighted by the observation 441 that 40+ y patients (groups B & C) with a favourable ovarian reserve for age exhibit a 442 pattern of declining receptor density with follicle size, whereas the pattern in the 40+ y 443 patients (groups D & E) with reduced ovarian reserve is reversed (Fig. 7) . Similar ovarian 444 ageing was found in the 35-39 y B & C group with the same steady increasing density in the 445 reduced ovarian reserve D & E group (Fig. 6 ). In addition, evidence of ovarian ageing was 446 seen in the youngest patients with a severely reduced for age ovarian reserve (AFC group C), 447 where the receptor density was increased substantially (Fig. 4) . The over-expression of 448 BMPR1B was also present in the oldest patients with severe ovarian depletion (AFC E ; Fig  449   7A ). In the 31-34 y patient group with an A ovarian reserve, the receptor density increased in 450 the largest follicles followed by a general decrease in the poorer ovarian reserve patients for 451 that age group (Fig. 5A) . As age increases, and the ovarian reserve declines, fewer follicles 452 are stimulated; hence, the extra-large follicles are rare. In the younger patients of 31-34 y, it 453 would be expected that a 24+ mm follicle would be common; however, none were analysed. 454
The reversal of receptor density provides evidence of a fundamental shift in granulosal 455 BMPR1B receptor density with ovarian ageing. High levels of BMPR1B in pre-ovulatory 456 follicles would promote oestrogen synthesis and inhibit progesterone synthesis, which could 457 potentially supress maturation of the follicle (Otsuka 2010 , Shimasaki, et al. 1999 BMP 7, and BMP15) whose signalling may either promote, or be impacted by this change in 502 BMPR1B receptor density on the granulosa cell surface, and also to explore the 503 consequences of altered signalling. 504 505
